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ducing sound, we find that a set of four wheels having 40, 50, 60
and 80 teeth, respectively, gives do-mi-sol-do when rotated against
the card. Again the frequencies stand to one another in the ratio
of 4 to 5 to 6 to 8. Four tuning forks of frequencies 256, 320, 384
and 512 yield another set of do-mi-sol-do. Dividing through by 64
gives 4-5-6-8. The proof is conclusive. The musical scale is
mathematical at bottom.
One reason why the octave is so distinctive an interval can be
found by studying beats. Try two forks of 500 and 512 vibrations
per second. Separately, each fork gives a smooth sound; but
together they produce an unpleasant beating effect, the loudness
of the sound rising and falling twelve times a second. At one
instant the two sounds are in step (in phase) at the ear, both
compressing the air there and thus cooperating. But the 512 fork
continually gains on the 500, and their waves will not be exactly
in step again until the 512 gains one whole vibration on the other.
Since it gains 12 vibrations every second, the two trains of waves
agree in phase, and thus produce a maximum of loudness, twelve
times a second. Similarly, owing to interference when the two dis-
turbances are exactly opposite in phase, there is a minimum of
intensity twelve times a second. In general, the frequency of the
beats is equal to the differences of the individual frequencies. Test
a 400 fork with the 500. The difference is 100; there are 100 beats
per second; but these come too fast to be detected individually.
Hence we have, in effect, a third tone, called the beat tone, which
is lower than either of the two components and serves to enrich the
sound. But if we try an octave, by sounding a 250 fork with the
500, the difference is 250, the beat tone has a frequency of 250, and
is therefore indistinguishable from one of the original components.
Whenever one frequency is twice the other, the difference equals
one of the original frequencies; hence two pure notes an octave